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Abstract 
Sandwich composites are widely used in various industries such as aeronautical, 
mechanical, automotive, marine and others. However, most of the existing 
sandwiches are not suitable and cost effective for applications in civil infrastructure. 
An innovative fibre composite sandwich panel made of glass fibre reinforced skins 
and a high strength core material has been developed for building and other 
structural applications. The behaviour of this new generation sandwich panel has 
been studied to assist the technical persons and the construction crews in better 
understanding its properties for an efficient use.  
 
This project seeks to investigate the behaviour of fibre composite sandwich panels 
for their use in flooring applications under different loading conditions. The 
properties of the sandwich panels will be determined firstly before the panels are 
tested under different loading conditions of point load and uniformly distributed 
load.  
 
The main objectives of this project are to research the background information 
relating to sandwich panels for civil design purposes, conduct initial testing of the 
core, skin and sandwich panel to gain material properties and use those material 
properties for finite element analysis in Strand7. Testing will then be completed on 
slab specimens under point load and uniformly distributed loading conditions and 
evaluate results and recommend changes to design or testing. This process will be 
repeated for variables such as fibre orientation, fixity and one and two-way 
spanning slab systems. 
The panels were found to behave similarly under both loading conditions with the 
slab system and fixity not having a dramatic effect on failure mode or deflection. 
The 0° main fibre orientation deflected less than 90° main fibre orientation due to 
increases stiffness. The modelling of point load system was found to be very 
accurate due to almost exact replication of experimental test being achieved. The 
modelling of the UDL analysis was not as accurate as point loading, due to 
variables in experimental testing that were not able to be achieved in finite element 
model. 
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1 Chapter 1: Introduction 
1.1   Project Background 
A composite material is the combination of two or more materials that retain their 
properties, to develop a material that utilises each materials property to form an 
improved material. Sandwich panels are a type of composite that consists of two 
outer skin laminates and a core located in between the skins. Fibres are placed in the 
skin laminate to provide tensile and some compressive strength of the panel. The 
core is made of a light weight material that provides good shear strength.  
 
Composite materials have been utilised in a variety of engineering fields such as 
aeronautical and automotive industries. Composites have only just recently been 
utilised in civil engineering practices. The use of sandwich panels as a civil 
construction material has been overlooked due to traditional materials such as 
concrete and steel. These traditional materials are relatively cheap and readily 
available but the advantages of sandwich panels over traditional building materials 
though are starting to become apparent.  
 
Sandwich panels are light weight, strong, water resistant and fire resistant making 
them a very viable alternative for civil construction. A major area where sandwich 
panels are beneficial is flooring systems. Due to their light weight and strength 
properties, the use of sandwich panels proves a much better alternative to traditional 
wooden or concrete flooring. The reduced dead weight of the floor results in 
reduced overall load and hence smaller supporting members. The behaviour of 
sandwich panels in flooring systems and one and two-way slabs have not yet been 
fully researched. This project will look at the behaviour of one and two-way slabs 
under different loading conditions to provide more knowledge into the behaviour of 
sandwich panels as flooring systems. 
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1.2   Research Aim and Objectives 
1.2.1 Research Aim 
The aim of this project is to analyse the behaviour of sandwich panels through 
comparison of finite element analysis and experimental results for slab/panel 
design. 
1.2.2 Research Objectives 
This project’s objectives are as follows: 
 
· Research the background information relating to sandwich panels for civil 
design purposes 
· Conduct initial testing of the core, skin and sandwich panel to gain material 
properties 
· Use the material properties for finite element analysis of the flexural tests in 
Strand7 
· Perform load testing on specimens 
· Evaluate results and recommend changes to design or testing 
· Repeat process for other variables such as fibre orientation, one-way and 
two-way spanning slabs 
1.3   Significance 
The significance of this project comes from the beneficial properties of sandwich 
panels in the use of civil applications, in particular flooring systems. Fibre 
composites have been utilised in other engineering fields such as aeronautical and 
marine engineering but have not been utilised enough in the civil engineering field. 
Sandwich panels provide many advantages over traditional building materials such 
as concrete and steel. Sandwich panels are light weight, water resistant, strong and 
fire resistant making them an extremely viable solution for building materials. The 
use of sandwich panel as a flooring system has many advantages over reinforced 
concrete. The light weight of the sandwich panel reduces dead load on the structure, 
this reduces the supporting members sizing and cost.  
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Research has been done on the properties of sandwich panels but the behaviour of 
sandwich panels for one and two-way slab systems have had little attention. This 
project aims to analyse the behaviour of sandwich panels as flooring systems and 
outline the beneficial properties of the panels for this use.  
1.4   Scope 
Testing that will be undertaken by the author includes gaining the initial properties 
of the sandwich panel through flexural tests of the panel in 0° and 90° main fibre 
orientations. These tests will gain the initial stiffness of the panel which will be 
used for all calculations and strand7 modelling. A one and two-way prototype slab 
will be developed for point load testing. Eight slabs will be built to test different 
fibre orientations and different fixities for both the one and two-way slab systems. 
Strand7 models will be developed to replicate the point load testing on the slabs. 
The models will try to attain the same deflection that was obtained in the 
experimental tests through a simple 2D model. Tests will also be carried out with 
uniformly distributed loads on one and two-way slabs. Again the fibre orientations 
will be varied and Strand7 modelling will be done to compare with the experimental 
results.   
1.5   Summary 
This dissertation aims to determine the behaviour of sandwich panels through 
different testing and modelling methods. It is important to conduct such testing so 
that the behavioural properties of the sandwich panels for flooring systems can be 
determined. With these behavioural properties, it will lead to an improved 
understanding of the benefits of using sandwich panels as a flooring system.   
 
To establish the type of testing and analysis that needs to be undertaken, a literature 
review will be conducted. This literature review will provide a background on 
composite materials and the applications of them. It will outline the constituent 
materials of a sandwich panel and explain their properties.  The review will also 
provide a summary of the previous research done on fibre composite slabs and their 
behaviour. 
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2 Chapter 2: Literature Review 
2.1   Introduction 
This chapter will review the literature available on composites and provide the 
knowledge required for the development of testing methods for one and two-way 
sandwich panel slab systems. It will also define the extent of previous research on 
civil applications of composite materials and analyse the properties of these 
materials for such applications.   
 
The chapter aims to provide an outline of important background information on 
composites while focusing on sandwich panels. It also aims to provide relevant 
information on their constituents and the advantages of using the material for civil 
applications. A review of previous research in the area of using composite materials 
for slab design will be conducted and the gaps in previous research will be 
presented.  
 
The chapter will begin by introducing the different types of composite materials 
available, then going on to analyse one type of composite materials through the 
constituents and properties of sandwich panels. The various applications of 
composite materials, mainly civil applications will also be covered. The chapter will 
conclude by providing a brief overview of the advantages of using sandwich panels 
for one and two-way slab systems. 
2.2    Composite Materials 
A composite material is simply a combination of two or more materials of different 
properties to form an end product that has a specific function (Huang, D 2004). The 
materials combined create properties that complement each other and form a more 
efficient product for the desired application.  
 
Composite materials can be developed to gain various properties including stiffness, 
strength, density, resistance to corrosion, increased elasticity, etc (Islam, M 2007). 
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The main types of composites are fibre reinforced composites and sandwich 
composites which will be described briefly.  
2.2.1 Fibre Reinforced Composites 
Fibre reinforced composites consist of fibres being imbedded into a binder. The 
fibres can be either continuous or discontinuous with many different materials used 
as fibres. These materials include various types of glass, metals and ceramics. The 
fibres are the main load bearers in the composite and the binder holds the fibres in 
the specific location and orientation. The phenomenon of individual fibres being 
stronger than the bulk material was first demonstrated by Griffith in 1920 when he 
showed the tensile strength increased in glass fibres with decreasing diameter 
(Gibson, RF 1994). 
2.2.2 Sandwich Composites  
Sandwich composites consist of three main sections, these being the core and two 
skins. The skins of the composite contain the fibre reinforcements and take the 
majority of all flexural loads. The skin is usually very thin with the bulk of the 
composite being the core. The core material is a thick, low density material that 
takes the shear loads of the specimen. The two skins are located on the outer edge 
of the core as shown schematically in figure 2.1. Further details of sandwich panels 
will be discussed below. 
 
 
Figure 2.1:  Schematic Diagram of a Sandwich Panel 
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2.3    Sandwich Panel Materials 
As explained above sandwich panels consist of a two skins or laminates separated 
by a core material. These materials when combined form a highly strong composite 
due to their material properties. The constituents of the sandwich panels are detailed 
below. 
2.3.1 Core 
The main purpose of the core material is to reduce weight while maintaining good 
shear properties for the composite. The core does not take any substantial tensile 
loads making its structure being determined by the shear and compression loads 
(Huang, D 2004). The most common type of core is the honeycomb structure. Low 
density hexagonal honeycomb core designs are the preferred core material based 
mainly on performance and strength (Khan, MK 2006). The honeycomb structures 
main advantage is the absorption of energy passed through the structure. It has been 
used in many applications from the aerospace industry to the automotive industry 
(Khan, MK 2006, Davalos, JF, Qiao, P, Xu, XF, Robinson, J & Barth, KE 2001). 
Other structural cores are also used but the predominant structure is honeycomb. 
 
Core materials also vary depending on the application. Natural cores can be used 
such as balsa wood which is cost effective. Artificial cores are more predominant 
though with materials such as foam or aluminium possessing greater strength 
capabilities (Huang, D 2004).  
 
The main advantage of the sandwich panel core is the weight reduction without 
compromising strength. This weight reduction means less dead load on the 
structure. This leads to reduced size of supporting members that ultimately leads to 
cost savings (Karbhari, VM 1997). 
2.3.2 Skin 
The fibre laminate skin of a sandwich panel bears the principle tensile loads of the 
structure. The fibres can be made of various materials including glass fibres which 
are the most commonly used due to it being cost effective, readily available and a 
history of good experience in service (Reinhart, TJ 1998). Metal based fibres are 
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also used such as carbon fibres. These fibres are very costly but are extremely 
strong and light weight, making them widely used in the aerospace, marine and 
automotive industry. Metal fibres have also been used for civil engineering 
purposes such as reinforcement of existing structures. Ceramic fibres can also be 
used but the predominant fibres are glass and metals. 
 
The fibre orientation of the sandwich panel is very important for the panel to obtain 
its maximum strength. Fibre orientations can be uni-axial, biaxial, tri-axial, quad-
axial or a random fibre orientation. The fibres are woven integrally together and 
bound with a resin which then cures to hold the fibres in place (Van Vuure, AW, 
Ivens, JA & Verpoest, I 2000).  All fibre orientations will have one main fibre that 
takes a greater load than the others, like wood fibres the strength properties along 
and across the grain vary.   
 
The advantages of using fibres instead of other reinforcements, such as steel are the 
increased strength and durability. The fibres are also non corrosive which increases 
the range of applications to coastal structures. There are also disadvantages with the 
use of fibres in comparison to normal construction materials. The main 
disadvantage being cost of the sandwich panel compared to cheaper building 
materials such as concrete. The composites though have a predicted to have a life 
span of 50 to 100 years making them cost-effective in the long term (Van Erp, G & 
Rogers, D 2008).  
2.4    Properties of Sandwich Panels 
 
As stated before the properties of the skin and core are designed to withstand 
different loading conditions. The three main properties of any member are flexural, 
compressive and shear properties. The possible failure types of sandwich panels 
include delaminating, tensile failure, crushing failure, core shear failure and 
buckling (Gdoutos, EE & Daniel, IM Not Dated). A structure must be designed in 
order to withstand these failures. The properties of sandwich panels and testing 
procedures carried out to determine these properties are identified below.  
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2.4.1 Flexural Properties  
The main flexural or tensile forces are taken by the fibres in the sandwich panel. 
This principle is the same as using steel reinforcing in concrete members where the 
concrete has poor properties in tension. There are many factors though that 
determines the flexural properties such as fibre orientation, fibre thickness and fibre 
material. The manufacturing process also plays a major role in the flexural 
properties with imperfections in the fibres leading to reduced elastic modulus and 
tensile strength (Reis, EM & Rizkalla, SH 2008). This will lead to poor stiffness in 
the panel and early failure. 
 
The main testing procedure for flexural strength is the three and four point bending 
tests. These tests are done by applying point loads onto the specimen while it is 
simply supported. The specimen will undergo pure flexural loading in the y 
direction to determine the stiffness and the modulus of elasticity of the specimen 
(Tagarielli, VL, Fleck, NA & Desphande, VS 2004). This test is very accurate and 
used extensively in many areas.  
2.4.2 Compressive Properties 
The core is responsible for taking the majority of the compressive load in a 
sandwich panel. Reis and Rizkalla (Reis, EM & Rizkalla, SH 2008) reported that 
the compressive strength of a sandwich panel is linearly proportional to the density 
of the through thickness fibres in the core. They showed that with an increasing 
density of fibres, no matter the orientation, the compressive strength of the 
sandwich panel increased linearly. The compressive strength of the panel also 
depends on the thickness of the panel and also the structure of the core (Russo, A & 
Zuccarello, B 2007).  
 
The most common types of failure due to poor compressive properties of sandwich 
panel include crushing and buckling (Gdoutos, EE & Daniel, IM Not Dated, Russo, 
A & Zuccarello, B 2007). Compressive properties of a specimen can be tested using 
a simple axial loading test. This is done using an MTS machine with the specimen 
being loaded until failure occurs. 
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2.4.3 Shear Properties 
As stated above, the shear loads are carried primarily by the core of the sandwich 
panel. Failure in shear to any structure can be detrimental as shear failure is very 
sudden with little warning. This makes the shear properties of the sandwich panel 
very important in designing a safe structure. The main shear property that is 
obtained is the shear modulus.  
 
Testing has been done on the shear properties of sandwich panels with surprising 
results. It was found that increasing the thickness of the sandwich panel does not 
have any significant effect on the shear modulus (Reis, EM & Rizkalla, SH 2008). 
Viana and Carlsson also reported that the shear increased with the density of the 
core (Viana, GM & Carlsson, LA 2002). These tests show that the density of the 
core material plays a major role in increasing shear strength in comparison to 
simple only increasing the thickness of the core. Shear tests can be perform by an 
MTS machine with special grips to hold the specimen in place. An axial load is 
applied indirectly to the sides of the specimen and loaded until shear failure occurs. 
2.5    Applications of Composites 
2.5.1 Overview  
Fibre composites have been used in many fields and applications dating back to 
before World War II. One of the first applications of fibre composites was in 
military field with the US air force using plastic laminates for structural parts of 
their aircrafts. The Vultee BT-15 was flown in 1943, being the first major fibre 
composite structural component of an aircraft to be developed and test flown 
successfully (Rosato, DV 1982). The military were the main driving force behind 
developing and improving fibre composites. The weight reduction, high stiffness 
and strength properties of the composites were extremely beneficial to all aircrafts 
(Corigliano, A, Rizzi, E & Papa, E 2000). More research and testing were 
completed over the years with today’s aerospace field using fibre composite 
materials heavily.  
 
The properties of fibre composites as mentioned above also proved beneficial in the 
marine engineering fields (Corigliano, A, Rizzi, E & Papa, E 2000). For many years 
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boats had been made out of timber and steel which have are dense materials. This 
reduced the buoyancy of the boats but also the amount of weight that was able to be 
carried. Production of fibre glass boats started in 1946 using a vacuum infusion 
method. The boats possessed a glass to resin ratio of 45% and continued in 
production for the next 4 years (McNally, S 1996). The use of fibre composites then 
lead to larger vessels being built with today’s vessels stretching over 100 feet. The 
extent of research and testing done into the vessels however has lacked in 
comparison to other fields.  
 
Composites have also been utilised in the automotive fields. In 1941, Henry Ford 
used composite laminates as a building material and struck the material with an axe 
to show the potential of the building quality (Rosato, DV 1982). Production of fibre 
reinforced car body’s started in 1953 with the Chevrolet Corvette. Technology and 
knowledge increased with today’s ultimate fibre composite cars being formula one. 
The weight reduction and strength of the material has developed extremely 
technologically advanced vehicles that would only have been capable of because of 
composite materials.  
 
Through the application of composite in these fields, applications in the civil 
engineering field were looked upon. These applications are outline below. 
2.5.2 Civil Applications 
The use of composite materials in civil engineering has not been as rapid as in other 
areas such as aeronautical or automotive fields. This has been predominantly due to 
the readily available and cheap building materials such as concrete and steel. The 
cost of composite materials in comparison to these materials was greatly different in 
the past but in recent years the gap has been closing (Burgueno, R, Karbhari, VM, 
Seible, F & Kolozs, RT 2001, Karbhari, VM 1997). The price of steel has started to 
rise and composites are becoming more readily available as a civil construction 
material.  
 
The main advantage that fibre composites have over traditional building materials is 
the weight reduction of the structures. This reduces the dead load of the structure 
which reduces the dead load on supporting members. This increases the strength of 
 23
the structure while keeping dead loads to a minimum, thus reducing construction 
time and cost, depending on type of fibre composites used (Karbhari, VM 1997).  
 
There have been many fibre composite structures built overseas in recent years 
including the Aberfeldy Footbridge built in1992 in Scotland and No-Name Creek 
Bridge in USA built in 1996. These structures were developed by a UK firm called 
Maunsell Structural Plastics. The structures they created were world first with the 
Aberfeldy Footbridge being the first all fibre composite bridge stretching 120 
metres long (Maunsell Structural Plastics, 1996). Other civil applications that were 
built in Australia include fibre composite bridge decks, power pole cross-arms and 
board walks. 
2.5.3 One and Two-Way Slab Applications 
The use of fibre composites as one and two-way slab systems is a relatively new 
concept. This is mainly due to slabs being constructed out of concrete and 
reinforced with steel or flooring made of wood. This practice has worked for a very 
long time and is a relatively cheap construction alternative (Karbhari, VM 1997). 
The environmental effects of these construction materials is now being looked upon 
with the energy used to create the materials a great concern (Van Erp, G & Rogers, 
D 2008). This has pushed companies to look at alternative construction materials 
and has lead to the increased use of fibre composites for slab and bridge designs 
(Burgueno, R, Karbhari, VM, Seible, F & Kolozs, RT 2001, Zhang, Y & Cai, CS 
2007).  
 
The use of fibre composites for slabs and bridge designs has been utilised by 
structures being entirely made of composite materials, shown in Figure 2.3, as well 
as using the fibre composite as reinforcing for the existing structure.  
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Figure 2.2:  Flooring System Constructed Out of Sandwich Panels  
(Source: www.archiexpo.com) 
 
Carbon fibre reinforced polymer strips have been utilised in reinforcing and 
strengthening reinforced concrete slabs with great success (Limam, O, Foret, G & 
Ehrlacher, A 2003). The strengthening of the West Gate Bridge in Melbourne 
combined fibre composite materials into structural application. The approach 
sections of the bridge were reinforcement with carbon fibre strips to increase the 
strength in flexural, shear and torsion as the bridge was built in the mid 60’s. This 
was the world’s largest carbon fibre strengthening program. The reinforcing carbon 
fibre strips are shown in figure 2.3.  
 
Figure 2.3:  The West Gate Bridge Carbon Fibre Strengthening Program (Source: Vic Roads) 
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Fibre composite flooring systems have only started to be utilised in the past few 
years. LOC Composites Pty Ltd has been leading the field in this area, developing a 
new sandwich panel with a plant based resin called CarbonLocTM (Van Erp, G & 
Rogers, D 2008).  The panel is light weight, strong, fire resistant and moisture 
proof. The panel has been utilised in floor system, bridge decking, railway sleepers 
and beams with the material acting the same as traditional materials such as wood 
but without the many disadvantages (Van Erp, G & Rogers, D 2008). The sandwich 
panel is also 100% recyclable with a lifetime of 50 to 100 years, making it an 
extremely efficient material.  The panel is also relatively cheap with mass 
production of the panel being undertaken.  
2.6    Knowledge Gaps in Previous Research 
Previous research has been presented on the properties of sandwich panels (Van 
Vuure, AW, Ivens, JA & Verpoest, I 2000, Reis, EM & Rizkalla, SH 2008). 
Experimental work has been done on the behaviour of sandwich beams and 
properties of sandwich composites analysed (Tagarielli, VL, Fleck, NA & 
Desphande, VS 2004). Previous work has also been done on the rehabilitation of 
existing structures with fibre composite materials (Limam, O, Foret, G & Ehrlacher, 
A 2003). 
 
However, there is a gap in the previous literature about the behaviour of sandwich 
panel flooring systems and slabs. Da Huang has analysed the use of fibre reinforced 
sandwich panels for two-way slab systems with it only just being published. This 
paper is one of the first pieces of literature on the use of sandwich panels as a two-
way slab material.  
 
This project aims to fulfil the gap by testing and modelling the behaviour of fibre 
composite sandwich panels under different loading conditions. The project will 
cover the initial testing needed to be undertaken to gain the properties of the 
sandwich panels. The sandwich panel will be loaded under different loading 
conditions on the one and two-way slab systems.  
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2.7    Summary 
This review has identified the types of composite materials and the applications of 
these composites to the engineering world. The review has also identified the 
constituent materials in sandwich panels and the purpose of these materials.   
 
The review outlined the properties of sandwich panels and described the behaviour 
of the panels in flexural, compression and shear. Applications of sandwich panels 
for flooring systems and slab systems has also been presented as well as the gaps on 
previous research on fibre composite sandwich panels for one and two-way slab 
systems. 
 
Having reviewed the existing literature regarding composites and sandwich panels 
for civil applications, the author proposes to undertake an analysis of different 
loading conditions on one and two-way slab systems  as well as develop an accurate 
finite element model of the slab systems. The next chapter will outline the various 
testing procedures that will be used in this project. 
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3 Chapter 3: Experimental Research 
Methodology  
3.1    Introduction 
Chapter 2 provided a background into the materials used in composites and gave a 
detailed background into sandwich panels. It highlighted the behavioural properties 
of sandwich panels and the many applications of composites in the civil engineering 
fields. The chapter also provided ideas that have helped to form the foundation of 
the testing and methods involved in this project.  
 
This chapter will provide the details of the different testing methods and procedures 
used to compare the modelling and experimental results of one and two-way slab 
systems.  The aim of this chapter is to outline the testing methods and steps taken, 
so they can be reproduced if necessary. 
 
The testing methods used involved the construction of two slabs to be used as a 
prototype for testing both one and two-way slabs. Initial testing was carried out to 
gain the properties of the sandwich panel before further tests were done. This 
testing included the construction of a prototype slab to test point loads on one and 
two-way system. Uniformly distributed loads could not be tested on the prototype, 
therefore another form of testing was sought to achieve this. The governing factor 
of the testing was serviceability, ultimately having to meet a deflection criterion. 
3.2    Flexural Testing 
Before testing for the one and two-way slab systems, the initial properties of the 
sandwich panel need to be determined. There were a number of different properties 
that could have been determined but the most important of these was the stiffness of 
the panel. Flexural tests were completed to gain the stiffness of the sandwich panel.  
3.2.1 General Method 
The flexural testing was undertaken at the University of Southern Queensland, 
using the MTS machine. Firstly, the specimens were prepared for the testing. The 
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specimens were cut to a nominal sizing of 50mm x 18mm in 350mm lengths. Two 
main fibre orientations were tested being the 0° and 90° main fibre orientations. 
 
The skin of the sandwich panel is made up of biaxial glass fibres with a plant based 
epoxy resin to bind them together. The 0° fibres have a fibre content of 400gsm 
with the 90° fibres comprising of 300gsm. The core comprises of a modified 
phenolic core with a density of 850kg/m3. The combined density of the overall 
sandwich panel is 990kg/m3 with the same panels being used throughout all the 
testing.  
 
Figure 3.1:  Schematic Four-Point Bending Test Diagram 
 
The four-point bending test was used to do the flexural testing of the specimens 
shown schematically in Figure 3.1. This consists two simple supports and two load 
points, all spaced equally across the specimen as shown in Figure 3.2. For the 
validity of testing, five specimens were tested under the same conditions. This 
increased the accuracy of results, with the average of the five specimens taken as 
the true properties of the sandwich panel.  
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Figure 3.2:  Four-point Bending Test on Sandwich Panel Specimen 
 
To gain an increased accuracy of the strain of the specimens, strain gauges are 
placed on three of the five specimens for testing as shown in Figure 3.3. The data is 
recorded from the strain gauges is to gain the properties of the specimen. These 
properties include developing a stress strain diagram to find the modulus of 
elasticity, finding the neutral axis of the specimen and determining if the loads are 
being transferred evenly through the specimen.  
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Figure 3.3:  Four-point Bending Test on Sandwich Panel Specimen with Strain Gauge 
3.2.2 0° & 90° Main Fibre Orientation 
The skin of the sandwich panel contains fibres that at right angles to one another. 
Both fibre orientations are not equal though with one fibre being the principle load 
carrier. Figure 3.4 shows a schematic view of the how the sandwich panel samples 
varying fibre orientation is cut from a sandwich panel.  
 
 
Figure 3.4:  Schematic Diagram Showing How 0° and 90° Fibre Orientations Are Achieved 
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The 0° main fibre runs longitudinally along the test specimen as shown 
schematically in figure 3.5.  
 
Figure 3.5:  0° Main Fibre Orientation 
 
Testing must be carried out for both the 0° and 90° main fibre orientation as in a 
slab there is flexural bending in both the fibres. The 90° main fibre orientation runs 
across the specimen as shown schematically in figure 3.6. 
 
Figure 3.6:  90° Main Fibre Orientation 
 
Flexural testing was undertaken for both fibre orientations. The method for testing 
the 0° and 90° main fibre orientation without strain gauges is as follows: 
 
1. Set the supporting jig to 300mm spacing and the loading jig to 100mm 
spacing. This will create an even spacing of 100mm between the load points 
and the supports; 
2. Once specimen is aligned with jigs, apply load of approximately 20N/sec to 
the specimen; 
3. Load specimen until failure occurs, recording the load at any small failures 
along the testing period. These include small fibre failures on the tension 
side of the specimen; 
4. Once failure has occurred, cease loading; 
5. Record failure type and take image of the failed specimen; 
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6. Remove the specimen from the jig; 
7. Repeat process for the next specimen. 
  
For specimens with strain gauges, the following steps must be done before testing 
starts, these include: 
- Remove any plastic tape that is covering the strain gauges; 
- Solder the stain gauge wires to the wire connectors; 
- Plug into the recording computer and test to see if strain gauges are 
working; 
- When testing commences, click on strain program to begin recording. 
Repeat previous steps from 1-7 and record the data from strain gauge program.  
3.3    Development of Prototype Slab 
3.3.1 Materials 
The prototype slab is being designed and constructed to replicate a one and two-
way slab system in a typical structure. The design will be based on a deck type 
system with a 15mm sandwich panel 950mm x 950mm with timber joists 
underneath the panel. The joists will be 45mm x 145mm hardwood timber and 
support the panel such that the centre to centre spacing of the joists will be 450mm 
for one-way slab and 900mm centre to centre for the two-way slab. Photos from the 
construction of the prototype slabs are located in Appendix B – Building of 
Prototype Slabs. 
3.3.2 One-Way Slab Design 
The one-way slab has three joists running longitudinally underneath the panel at 
450mm centres. The joists are 45mm x 145mm, a schematic diagram is shown in 
figure 3.7. 
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Figure 3.7:  One-Way Slab Design 
3.3.3 Two-Way Slab Design 
The two-way slab is just a modification of the one-way slab with joists added in the 
cross direction. The same size joists are used at 450mm centres with a schematic 
diagram shown below in figure 3.8. 
 
Figure 3.8:  Two-Way Slab Design 
 
3.4    Point Load Testing on Prototype Slab 
3.4.1 General Method 
The test is conducted using a load cell at the University of Southern Queensland. 
The machine places a load onto an area of 100mm x 100mm. The load is applied to 
the slab until failure occurs with deflection being measured on both spans. Strain 
gauges will be placed in both directions on the bottom side of the point load to 
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measure strain in both directions. A strain gauge will also be placed on the top of 
the non loaded span to measure strain on adjoining span due to the point load.  
3.4.2 Testing of One and Two-Way Slab Design 
Testing was undertaken with the 0° main fibre direction running across the joists for 
the one-way slab. This fibre orientation gives the one-way slab the largest stiffness 
out of the two fibre directions. The method for testing point loads on the one-way 
and two-way slabs is as follows: 
1. Place the slab under the testing machine;  
2. Align the load pad at the centre of the outer span of the slab as shown in 
Figure 3.9 and Figure 3.10; 
3. Load is applied to the 100mm x 100mm pad; 
4. The deflection is then measured and image taken of the specimen; 
5. The load is then removed from the slab and data taken to be compared with 
FEM analysis; 
6. Repeat this for all eight slabs. 
 
Below is a summary table of the variables involved in the point load testing. As can 
be seen the fibre orientation and fixity will be varied on the specimens as well as the 
slab system. 
 
Table 3.1: Summary of the Variables Involved in Point Load Testing on Slabs 
 
 
Loading 
Condition 
0° Main Fibre 
Orientation 
90° Main Fibre 
Orientation 
One-Way Slab Point Load 
Screw Only Screw Only 
Glue and Screw Glue and Screw 
Two-Way Slab Point Load 
Screw Only Screw Only 
Glue and Screw Glue and Screw 
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Figure 3.9:  Testing Set Up of One-Way Slab 
 
 
 
 
Figure 3.10:  Testing of One-Way Slab 
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Strain gauges are placed on all specimens at specific areas and orientations. Three 
strain gauges are placed directly under the loading point perpendicular to each other 
as shown in Figure 3.11. This is to record the strain in the 0° and 90° fibre 
orientations to understand the strain levels in the varying fibre orientations. Another 
strain gauge will be placed in the centre of the unloaded span on the top side of the 
panel as shown in Figure 3.12. The load on the loaded span will cause the centre of 
the unloaded span to deflect upwards and hence creating strain on the panel.  This is 
done to record the strain at the unloaded span of the panel to determine if high strain 
levels occur. 
 
Figure 3.11:  Placement of Strain Gauges on Specimens 
 
 
 
Figure 3.12:  Placement of Strain Gauges on Unloaded Span of Specimens 
Strain Gauge 
Loaded Span Unloaded Span 
Strain Gauges 
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3.5    Uniformly Distributed Load Testing On Slab 
3.5.1 General Method 
The test will be conducted using a high pressure airbag at the University of 
Southern Queensland. The airbag will be approximately one metre square and when 
the air pressure increases, a uniformly distributed load will be placed on the 
sandwich panel. The air bag will continually be pressurised until failure occurs. 
Strain gauges will be placed on the bottom side of the panel in both directions to 
measure the strain. The deflection of the slab will also be measured.  
3.5.2 Testing of One and Two-Way Slab Design 
The tests will be undertaken using different restraints for the one and two-way slab 
systems. The one-way slab will be restricted on two opposite sides to simulate a 
one-way slab system. The two-way slab will be restricted on all four sides to 
replicate a two-way slab system.  
 
Tests will be carried out on 900mm x 900mm square panels. For the one-way slab 
system, fibre orientations will be tested at 0° and 90° main fibres. The orientation of 
the main fibre for the two-way slab will not matter as the panel will be square. 
Below is a summary table of the variables that will be tested including fibre 
orientation, fixity and slab system as in point load testing. 
 
Table 3.2: Summary of the Variables Involved in UDL Testing on Slabs 
 
 
Loading 
Condition 
0° Main Fibre 
Orientation 
90° Main Fibre 
Orientation 
One-Way 
Slab 
UDL 
Screw Only Screw Only 
Glue and Screw Glue and Screw 
Two-Way 
Slab UDL 
Screw Only 
Glue and Screw 
 
The slabs will placed on a base plate that is connected to four load cells as shown in 
Figure 3.13. A large steel metal plate is then fixed to the upper cross arm of the 
apparatus to prevent and movement upward from the airbag. The airbag will then be 
placed in between the steel plate and the slab where the height that the airbag can 
increase is restricted as shown in Figure 3.13.  
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Figure 3.13:  Uniformly Distributed Loading Testing Set Up 
 
The airbag is inflated through pressurised air along yellow tubing going into the 
airbag as shown in Figure 3.14. Once the airbag is inflated it will cause a uniformly 
distributed load onto the slab specimen. The four load cells located under the base 
plate then measure the loading on the slab. The total uniformly distributed load 
placed onto the slab is the calculated from the total load recorded by all the load 
cells than simply divided by the area of the slab from centre of centre of the joists.  
 
Figure 3.14:  Inflation of Airbag for UDL Testing 
 
Metal Plate 
Airbag 
Load Cells 
Specimen 
Base Plate 
Pressurised Air 
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A draw-wire displacement transducer (string pot) is placed under the centre of the 
specimen to get the deflection of the panel under loading as shown in Figure 3.15. 
The string port is attached by wire to a bracket located at the centre of the panel.  
 
 
Figure 3.15:  String Port Used in UDL Testing 
 
Strain Gauges will be placed under the centre of the panel in perpendicular 
directions as shown in Figure 3.16. This is done to measure the strain in the 
different fibre orientations under the uniformly distributed loading (UDL). 
 
Figure 3.16:  Schematic Diagram of Strain Gauge Placement for UDL Testing 
 
String Pot 
Wire 
Strain Gauges 
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3.6    Summary 
This chapter described the process and techniques used for testing in this project. It 
has defined the different loading conditions that will be used and the different fibre 
orientations that will be tested. Through undertaking these testing procedures, 
determining the behaviour of sandwich panels for one and two-way slab systems 
will be achieved. 
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4 Chapter 4: Experimental Results and 
Discussion 
4.1  Introduction 
This chapter presents the results from the experimental testing conducted on the 
sandwich panels and provide an in-depth analysis of the results obtained. The tests 
carried out include flexural testing, point load testing and uniformly distributed load 
(UDL) testing. It presents a number of graphs and tables showing the behaviour of 
the sandwich panels as well as the effect of fixity on the panels. 
 
This chapter aims to explain and interpret the results from the various types of 
testing conducted throughout the project. From this interpretation, the reader will be 
able to obtain an understating of the failure modes under different loading 
conditions and the way the fibre composite sandwich panel behaves under the 
different loading conditions. 
 
The analysis in this chapter has been divided into sections consistent with the three 
main types of testing completed, these being flexural testing, point loading and 
uniformly distributed loading (UDL). A summary of the behaviour of the sandwich 
panels will then be developed.  
4.2  Flexural Testing 
Flexural testing was completed on the fibre composite sandwich panels at 0° and 
90° main fibre orientations. These tests were done to gain the stiffness of the 
material or EI value, as well as the modulus of elasticity for the sandwich panel.  
 
Figure 4.2 shows the load deflection relationship of the 0° main fibre orientation 
sandwich panels. The stiffness of the 0° fibre orientation was interpreted as 
196.56x106Nmm2. Five specimens were tested under four point loading with the 
gradient of the five specimens being fairly consistent. The sudden drop in the graph 
for each specimen shows the ultimate failure of the panel. All 0° main fibre 
orientation panels failed in the same manner with core cracking occurring before 
ultimate shear failure of the core.  
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Figure 4.1:  Core Shear Failure of 0° Main Fibre Specimen under Flexural Loading 
 
Figure 4.1 shows the failure that occurred for 0° main fibre specimens. Core shear 
failure has occurred followed by delaminating of the skin and core due to the initial 
core shear failure. Failure occurred at the loading points of the test as predicted due 
to the high load being applied. Only one specimen (4FSW-I-OF-1) failed at a higher 
loading than the other four specimens. 
 
 
 
Figure 4.2:  Load Versus Deflection Graph for 0° Fibre Orientation Flexural Tests 
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Figure 4.3 depicts the load strain relationship for the 90° main fibre orientation 
specimens. The gradient of the curves are very consistent before a sudden failure 
occurs. The stiffness of the 90° fibre orientation was interpreted as 176.12 
x106Nmm2. Three out of the five specimens were consistent for failure loads with 
two specimens failing at a smaller loading. All 90° main fibre orientation specimens 
failed due to delaminating. This is a result from the poor bonding between the skin 
and the core.  
 
 
Figure 4.3:  Load Versus Deflection Graph for 90° Fibre Orientation Flexural Tests 
 
Figure 4.4 shows the failure mode of the 90° main fibre orientations, showing the 
de-bonding between the laminate and the core. The failure occurred in between the 
two load points where the skin has lifted or delaminated from the core as the 
loading increased.  
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Figure 4.4:  Delaminating Failure of 90° Main Fibre Specimen under Flexural Loading 
 
The failure mode of the 90° differs from the 0° fibre orientation due to the lower 
stiffness in the 90° main fibre orientation. The lower stiffness means the specimen 
can take more loading but deflects greatly under the loading. This large deflection 
has caused the skin and core to delaminate from each other. The 0° main fibre 
deflects less but still has large loading. Due to the increases stiffness the panel 
undergoes large shear forces and therefore fails from core shear failure. 
 
 
Figure 4.5:  Load Versus Deflection Graph for both 0° & 90° Fibre Orientation Flexural Tests  
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Figure 4.5 shows the comparison the varying stiffness of the 0° and 90° main fibre 
orientations. The higher the gradient of the specimens on the graph, the higher the 
stiffness of the specimen. As can be seen the gradient of the 0° main fibre 
orientations are higher than that of the 90° fibre orientations which is consistent 
with the literature. Interestingly the 90° main fibre orientations specimens reached a 
higher loading than the 0° main fibre specimens. On further analysis this shows that 
with the reduced stiffness of the panel deflection increases and therefore loading on 
the specimen is also increased until failure occurs.  
 
The modulus of elasticity was also determined from the flexural testing on the 90° 
and 0° main fibre orientations. From the load deflection relationship and calculating 
an effective second moment of area (I), the effective modulus (E) value can be 
calculated. Calculations for the modulus of elasticity and second moment of area 
are shown in Appendix C – Modulus of Elasticity and Stiffness Calculations. The 
stiffness (EI) value was then taken to be 196.56x106Nmm2 for the 0° fibre 
orientation. Therefore the modulus of elasticity was taken as 8214.0MPa for 0° fibre 
orientation. Note that five specimens were tested but only three of the five had 
strain gauges attached. 
 
The same procedure was done for the 90° fibre orientation specimens to determine 
the stiffness (EI) value and modulus of elasticity (E). The average stiffness (EI) 
value of the 90° main fibre orientation was calculated as 176.12 x106Nmm2. 
Therefore the modulus of elasticity for the 90° fibre orientation was interpreted as 
7222.6MPa. The results from this initial testing are to be used for the finite element 
model to compare the experimental results to the developed model. 
 
Table 4.1: Table of Stiffness and Modulus of Elasticity for 0° and 90° Fibre Orientations 
 
Fibre Orientation Stiffness (EI) (Nmm2) Modulus of Elasticity (E) (MPa) 
0° 196.56x106 8214.0 
90° 176.12 x106 7222.6 
 
Table 4.1 shows the comparison of stiffness and modulus of elasticity values for the 
0° and 90° fibre orientations under flexural loading. The comparison clearly shows 
the higher stiffness and modulus of elasticity of the 0° fibre orientation in 
comparison to the 90° fibre orientation. 
 46
 
Figure 4.6:  Deflection Versus Strain Graph for both 90° Fibre Orientation Flexural Tests  
 
 
Figure 4.7:  Deflection Versus Strain Graph for both 0° Fibre Orientation Flexural Tests  
 
Figures 4.6 and 4.7 depict the deflection strain relationship of the flexural tests for 
the 0° and 90° fibre orientations. These graphs will be used to compare the point 
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load and UDL strain deflection diagrams to determine if the panels behave the same 
way under different loading and different slab systems. 
4.3 Point Load 
4.3.1 One-Way Slab 
Point load testing was completed on the one-way slab specimens for varying main 
fibre orientations of 0° and 90°. These tests were done to demonstrate the behaviour 
of the varying fibre orientations and fixities under point loading.  
 
 
Figure 4.8:  Load versus Deflection Graph of One-Way Slabs under Point Load  
 
Figure 4.8 depicts the load versus deflection relationship of the varying fixities and 
fibre orientations. All panels failed in the same manor with core cracking being the 
initial failure of the specimens. The core cracking occurred due to a shear failure as 
can be seen in Figure 4.1. The initial sudden drop depicts the core cracking of the 
specimens. The specimens were then loaded until ultimate failure occurred which 
was due to delamination between skin and core from the core shearing as shown in 
Figure 4.9.  
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Figure 4.9:  Ultimate Failure of One-Way Slab From Delamination Between Skin and Core 
 
All specimens failed around the same value but due to the fixity of the bracket to 
measure the deflection separating at initial failure on two of the specimens, only 
two specimens ultimate failure are shown in Figure 4.9. The graph shows the 0° 
main fibre orientation providing a greater stiffness than the 90° main fibre 
orientation which is consistent with the flexural testing results.  
 
Table 4.2: Deflections at Mid Span for Loaded and Unloaded Span of One-Way Slab for 
Different Fixities 
 
Slab 
fixity 
Main fibre 
orientation 
Deflection at 
loaded span 
at 2.1 kN 
(mm) 
Deflection 
at 
unloaded 
span at 2.1 
kN (mm) 
Core 
cracking 
load 
(kN) 
Deflection 
at loaded 
span at 
core 
cracking 
load (mm) 
Deflection at 
unloaded span 
at core 
cracking load 
(mm) 
Screw 
only 
0° 2.38 - 0.06 22.88 22.57 - 2.86 
90° 2.46 - 0.13 18.72 20.70 - 1.92 
Screw 
& glue 
0° 1.96 - 0.05 20.61 19.19 - 1.67 
90° 2.19 - 0.40 21.05 22.56 - 2.05 
. 
 
 
Table 4.2 is a summary of the testing done for the different fixities and fibre 
orientations. The deflection was measured at 2.1kN to be compared with finite 
element model results. The table shows that the fixity of the specimen does not have 
a dramatic effect on the overall performance of the slab system.  
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Figure 4.10:  Schematic Diagrams of Deflection occurred during 2.1kN Loading and Cracking 
Load  
 
Figure 4.10 shows schematically the deflection that occurred on the loaded and 
unloaded spans of the slabs at the 2.1kN loading and at core cracking load. As can 
be seen the initial 2.1kN loading does not have much deflection in comparison to 
the core cracking load of the specimen. 
 
 
As shown by Table 4.2 and Figure 4.11, the glue has an initial effect by reducing 
the deflection but once the glue is separated, the screws are essentially the only 
fixity on the specimen. 
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Figure 4.11:  Glue Separating From Joist from Panel under Point Load 
 
The 90° main fibre orientation slabs deflected more than the 0° fibre orientation in 
all cases. Table 4.2 shows the 90° fibre orientation deflecting more on the loaded 
span as well as the unloaded span. This is due to the reduced stiffness of the panel 
compared to the 0° fibre orientation. 
 
 
Figure 4.12:  Load versus Strain on Loaded Span of One-Way Slabs under Point Load  
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The load versus strain relationship shown in Figure 4.13 shows the higher strain 
experienced by the 90° fibre orientations from a lower loading in comparison to the 
0° main fibre orientation. This is to be expected due to the reduced stiffness of the 
90° fibre orientation panel. 
 
 
Figure 4.13:  Deflection versus Strain on Loaded Span of One-Way Slabs under Point Load  
 
Figure 4.13 depicts the deflection strain relationship of the one-way slabs systems 
for the different fixities. The graph shows a fairly consistent linear relationship 
except for 90° screw only. The graph shows that the strain experienced in the panel 
are consistently the same no matter the fibre orientation or fixity.  
 
In comparing the deflection strain relationship to Figure 4.7 of the flexural testing, 
it shows that the one-way panel undergoes a higher deflection compared to the 
sandwich beam for the same amount of strain obtained. This is explained by the 
increase span length of the slab in comparison to the flexural tests undertaken on the 
sandwich beam. In the flexural testing of the beam the strain is localised to only a 
short span. In the slab testing, the strain is spread over the panel and hence a larger 
deflection occurs before high strain values at the centre of the slab are obtained. 
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Figure 4.14:  Load versus Strain in Varying Direction Graph of 0° One-Way Slabs under Point 
Load 
 
Figure 4.14 depicts the load strain relationship for 0° fibre orientation of varying 
orientations of the strain gauges placed on the bottom side of the loaded panel as 
explain in the previous chapter. The graph shows that the strain is distributed 
between the main fibre orientation (parallel) and the perpendicular fibre 
(transverse). The fixity of the screw and glue take a slightly higher load for the 
strain achieved than the screw only but the curves start to converge as the glue peels 
off at around the cracking loads of 20kN and it ultimately becomes a screw only 
fixity.  
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Figure 4.15:  Load versus Strain in Varying Direction Graph of 90° One-Way Slabs under 
Point Load 
 
Figure 4.15 shows the relationship of load for 90° fibre orientation and strain for the 
varied orientation of the strain gauges as explained in the previous chapter. The 
relationship is consistent with the 0° fibre orientation that the strain is spread 
between the two fibre directions but the main fibre (parallel) undergoes more strain 
for a smaller load. Therefore it can be concluded that no matter the orientation of 
main fibre of the panel, the fibre running from span to span for a one-way slab 
system undergoes a higher strain for a smaller loading. 
 
4.3.2 Two-Way Slab 
Point load testing was also completed on the two-way slab specimens with varying 
fibre orientations of 0° and 90°. The results from the two-way slab systems are 
consistent with the behavioural of the panels for the one-way slab systems. Figure 
4.16 depicts the load deflection relationship of the two fibre orientations. The 0° 
fibre orientation performs better with an increased stiffness and a higher initial and 
ultimate failure load. 
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Figure 4.16:  Load versus Deflection Graph of Two-Way Slabs under Point Load 
 
Both slabs failed initially due to shear cracking of the core as can be seen by the 
initial drop in the graph. The specimens were then loaded until ultimate failure 
occurred due to shear cracking along the panel to the fixity point as shown in Figure 
4.17. 
 
 
Figure 4.17:  Ultimate failure of two-way slab specimen due to shear cracking from loading 
point to fixity 
 
 
 
Shear Cracking 
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Table 4.3: Deflections at Mid Span for Loaded and Unloaded Span of Two-Way Slab for 
Different Fixities. 
 
Slab 
fixity 
Main fibre 
orientation 
Deflection at 
loaded span 
at 2.1 kN 
(mm) 
Deflection 
at 
unloaded 
span at 2.1 
kN (mm) 
Core 
cracking 
load 
(kN) 
Deflection 
at loaded 
span at 
core 
cracking 
load (mm) 
Deflection at 
unloaded span 
at core 
cracking load 
(mm) 
Screw 
& glue 
0° 1.81 - 0.04 22.44 21.36 - 1.30 
90° 2.34 - 0.26 17.84 18.78 - 1.19 
 
Table 4.3 shows a summary of the results obtained from the testing. The deflection 
of the 90° fibre orientation is greater at the 2.1kN load which is consistent with the 
one-way slab system. The deflection of the 0° fibre orientation is greater than 90° 
fibre orientation at core cracking load but this is due to the higher cracking load 
reached by the 0° compared to the 90° fibre orientation. The deflection measured at 
the unloaded span shows a similar pattern with the upward deflection being greater 
for the 0° fibre orientation due to higher cracking load. 
 
 
Figure 4.18:  Schematic Diagrams of Deflection occurred during 2.1kN Loading and Cracking 
Load  
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Figure 4.18 shows schematically the deflection that occurred in the two-way slab 
systems at 2.1kN loading and at core cracking load of the specimens. The diagram 
gives a graphical representation of Table 4.3 which shows the larger deflection of 
the loaded span in comparison to the unloaded span.  
 
 
Figure 4.19:  Load versus Strain of Two-Way Slabs under Point Load  
 
 
 
The fixity of the slab behaved similar to the one-way slab system. The glue peeled 
off and the fixity was ultimately just the screws as shown in Figure 4.19. Overall 
the two-way slab system behaved similarly to the one-way slab system with core 
cracking occurring around the same loading.  
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Figure 4.20:  Deflection versus Strain of Two-Way Slabs under Point Load  
 
 
The 90° fibre orientation in the two way slab also had increased strain under smaller 
loading in comparison to the 0° fibre orientation as shown in Figure 4.20. 
Comparing this to Figures 4.7 and 4.8 of the flexural testing results, it shows a 
consistent relationship with a greater deflection occurring for the same amount of 
strain incurred. This is consistent with the one-way slab system due to the strain 
being able to spread across a greater area of the panel in comparison to the flexural 
beam testing. 
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Figure 4.21:  Load versus Strain in Varying Direction Graph of Two-Way Slabs under Point 
Load 
 
Figure 4.21 shows the load strain relationship for the two-way slab system of 
varying strain gauges as explained in the previous chapter. The graph shows a 
similar relationship to the one-way slab system of the strain being distributed 
between the fibre directions but the main fibre taking a higher strain under a smaller 
load. This is consistent with both the 0° and 90° main fibre orientations. This is due 
to the main fibre running along smallest span length of 450mm. The smaller the 
span length of the slab gives an increased strain that is taken by the fibre in that 
direction. This is due to the less area of the panel for the strain to be distributed. The 
0° fibre orientation also takes a higher loading for the amount of strain achieved in 
comparison to the 90° fibre orientation which is consistent with the one-way slab 
results. 
4.4  UDL 
4.4.1 One-Way Slab 
Uniformly distributed load (UDL) testing was undertaken on one-way slab 
specimens for varying main fibre orientations of 0° and 90°. As in the point load 
testing the fixities will be varied to determine their behaviour under a different 
loading condition. 
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Figure 4.22:  UDL versus Deflection Graph of One-Way Slabs under UDL 
 
Figure 4.22 demonstrates the load (kPa) versus deflection relationship of the 
varying fibre orientations and fixities for the one-way slab system. The results are 
consistent with point loading with initial stiffness of the 0° fibre orientation being 
greater than 90° fibre orientation. The initial stiffness of the screw and glue fixity is 
also grater until the glue peels off and the panel behaves as screw only fixity. The 
panels however did not initially or ultimately fail but deflected greatly before the 
joists supporting the panel failed as shown in Figure 4.23.  
 
Figure 4.23:  Joist Failure of One-Way Slab Under UDL 
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Figure 4.24:  UDL versus Strain Graph of One-Way Slabs under UDL 
 
The failure of the joists is also demonstrated by the load strain relationship depicted 
in Figure 4.24. Most notably the one-way 0° screw and glue specimen, as can be the 
strain keeps increasing but the load plateaus. This is due to the joists starting to 
buckle inwards and the panel still deflecting greatly without failing. The connection 
between the joist and bearer failed resulting in buckling inwards of the joists. The 
joist itself also failed in some cases with the timber cracking around the screw 
fixings as shown in Figure 4.25. 
 
 
Figure 4.25:  Joist Cracking Failure of One-Way Slab Under UDL 
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The panels not undergoing initial or ultimate failure do not affect the project 
though, as the serviceability deflection is looked upon for the main criteria as 
explained in previous chapters. Table 4.4 shows the deflection of the one-way slabs 
for varying fibre orientation and fixities for different uniformly distributed loads. 
The screw and glue fixity deflects less in comparison to the screw only as well as 
the 90° fibre orientation deflecting more than the 0° fibre orientation except for 
screw only under 5kPa and 10kPa loading. This is due to the low loading the 
readings are taken, the difference is very small and once a higher loading of 20kPa 
is reached the 90° fibre orientation slab deflects more. 
 
Table 4.4: Deflections at Mid Span of One-Way Slab for Different Fixities. 
 
Slab fixity 
Main fibre 
orientation 
Deflection at 
mid span at 
5kPa (mm) 
Deflection at 
mid span at 
10kPa (mm) 
Deflection at 
mid span at 
20kPa (mm) 
Screw only 
0° 11.27 19.21 35.04 
90° 9.87 18.66 39.71 
Screw & 
glue 
0° 6.67 13.72 31.02 
90° 8.41 17.12 33.98 
 
 
 
 
Figure 4.26:  Deflection versus Strain Graph of One-Way Slabs under UDL 
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Figure 4.26 represents the deflection versus strain relationship of the panels under 
UDL. The deflection was recorded at the centre of the slab and the strain taken 
along the 0° main fibre. Comparing the relationship to Figures 4.6 and 4.7 of the 
flexural tests, it can be seen that the slab undergoes a considerably larger deflection 
for the same strain levels incurred. This is due to the joists failing as explained 
earlier as well as the uniformly distributed load. Due to the load being spread across 
the entire panel instead of concentrated over the middle of the panel, the strain is 
distributed over the entire panel. Therefore the strain at the centre of the panel will 
be reduced until large deflections occur in the panel.  
 
 
Figure 4.27:  Load versus Strain in Varying Direction Graph of 0° One-Way Slabs under UDL 
 
Figure 4.27 shows the load strain relationship of the two varying orientation strain 
gauges that were placed under the centre of the panel. The graph shows comparison 
between the screw only and screw and glue of the 0° fibre orientation. As shown in 
the graph, the two relationships are very close showing the fixity not having any 
major effect on the behaviour of the slab. The strain gauge parallel to the 0° fibre 
orientation undergoes a higher strain from a lower UDL until the strain gauge 
failed. This shows that the main strain of the panel is taken by the 0° fibre running 
from span to span. This is expected as the UDL increases across the panel, the main 
strain incurred is from span to span.  
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Figure 4.28:  Load versus Strain in Varying Direction Graph of 90° One-Way Slabs under 
UDL 
 
Figure 4.28 shows the load strain relationship of the one-way slab system for 90° 
fibre orientation. The graph shows the different strains incurred for the varying 
direction of the fibres. From the graph it can be seen that the strain along the 90° 
fibre orientation (parallel) undergoes a higher strain from a lower UDL. This is 
consistent with Figure 4.27, showing that the main strain of the panel is taken by the 
fibre running from span to span for a one-way slab. The fibre running transverse to 
the main fibre orientation undergoes a much smaller strain under higher loading.  
4.4.2 Two-Way Slab 
Uniformly distributed loading (UDL) testing was undertaken on two-way slab 
specimens for varying fixities.  As the slabs tested were 900mm x 900mm and 
supported on all four sides, the fibre orientation was always the same. The two-way 
slab specimens behaved similarly to the one-way slabs, however the joists did not 
fail. The initial stiffness of the 0° fibre orientation is greater than the 90° fibre 
orientation as shown in Figure 4.29, which is consistent with the previous testing 
and research. It is to be noted that the deviation in the two-way screw and glue line 
in Figure 4.29 is not a failure but letting the load off the slab. 
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Figure 4.29:  UDL versus Deflection Graph of Two-Way Slabs under UDL 
 
 
 
 
Figure 4.30:  UDL versus Strain Graph of Two-Way Slabs under UDL 
 
 
Figure 4.30 shows the relationship between load and strain of the two-way slab 
specimens at the centre of the span. The screw and glue specimen takes a higher 
initial loading for the amount of strain occurred due to the glue providing initial 
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strength before peeling off. The strain gauge of the screw and glue specimen broke 
at 72kPa load and hence no more data could be obtained from it. 
 
 
Figure 4.31:  Deflection versus Strain Graph of Two-Way Slabs under UDL 
 
 
The panels did not fail again but deflected greatly with under high loading the base 
plate started to deflect as well as shown in Figure 4.32. This is evident in Figure 
4.31 with the deflection strain relationship of the specimens. This relationship 
should be linear if the base plate does not deflect with the specimen. The initial 
relationship is linear until the base plate starts to deflect and the relationship 
becomes non-linear.  
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Figure 4.32:  Base Plate Deflecting Under UDL for Two-Way Slab System 
 
 
The deflection of the base plate does not affect the project though due to the initial 
serviceability deflection being looked at as explained in previous chapters. The 
panels not failing does not affect the results either due to the same criteria being 
looked at. 
 
Table 4.5: Deflections at Mid Span of Two-Way Slab for Different Fixities. 
 
Slab fixity 
Deflection at 
mid span at 
5kPa (mm) 
Deflection at 
mid span at 
10kPa (mm) 
Deflection at 
mid span at 
20kPa (mm) 
Screw only 5.59 9.65 15.98 
Screw & 
glue 
3.47 6.63 12.91 
 
Table 4.5 shows a summary of the deflections at the centre of the two-way slab 
system at different uniformly distributed loads. The table shows a reduced 
deflection due to the glue and screw fixity which is consistent with all other testing. 
These values will be used to compare with the modelling of the slab to determine 
the accuracy of the model.  
Base Plate Deflecting 
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Figure 4.33:  Load versus Strain in Varying Direction Graph of Two-Way Slabs under UDL 
 
Figure 4.33 shows the load strain relationship for two-way slab system under UDL. 
The strain gauges were placed along the 0° fibre and 90° fibre under the centre of 
the panel. As can be seen from the graph the strain is distributed evenly between the 
fibre orientations. The “screw only (90)” line is a fault in the strain gauge and no 
useful readings were taken from this. The graph also shows the variation between 
the fixities with screw and glue having a slightly higher initial stiffness than the 
screw only. This is evident in the load strain relationship but has no significant 
effect on the overall performance of the panel. The majority of the strain of the 
panel is taken by the fibre that runs from span to span of the slab system. In the 
two-way slab system this in both directions, hence the strain is distributed evenly 
between the fibre orientations.  
4.5  Conclusion 
This chapter explain and discusses the results from the testing carried out in the 
project. The behaviour of the fibre composite sandwich panel is analysed under 
flexural testing, point loading of one and two-way slab systems as well as uniformly 
distributed loading (UDL) for one and two-way slab systems.  
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The flexural testing results showed a higher stiffness in the 0° fibre orientation of 
196.56x106Nmm2 to the 90° fibre orientation of 176.12 x106Nmm2. The 90° fibre 
orientation can however take a higher loading but deflects more in comparison to 
the 0° fibre orientation due to the reduced stiffness. The failure mode of the 0° fibre 
orientation specimen is due to core shear failure. The 90° fibre orientations failure 
made is due to delamination between the skin and the core from the large 
deflections occurred. The 0° main fibre orientation has a higher modulus of 
elasticity in comparison to the 90° fibre orientation of 8214.0MPa compared to 
7222.6MPa. Overall the results from the flexural testing were consistent with 
previous research and initial predictions. 
 
The point load testing results showed the fixity of the slabs having no major effect 
on the deflection of the specimen but initially screw and glue performed better than 
screw only. However once the glue had peeled away, the screws were the only 
fixity on the slab system in all fibre orientations and slab systems. The 0° fibre 
orientation provided a smaller initial deflection due to the higher stiffness which 
was consistent for all types of fixities and slab systems. All panels no matter the 
fibre orientation, fixity or system failed from core shear failure first. The strain in 
the main fibre direction was higher than the transverse fibre direction but both 
fibres carried the strain. No matter the fibre orientation, the fibre that ran from the 
shortest span to span length took the higher strain under a smaller loading in the one 
and two-way slab system. Overall the panel’s behaviour was consistent with 
previous research and initial predictions. 
 
The UDL testing results showed consistent results with the point load testing. The 
fixity had no dramatic effect only for the initial stiffness. The 90° fibre orientation 
deflected more than the 0° fibre orientation due to the greater stiffness of the panel. 
However, the panels did not fail but deflected greatly. The strain of the one-way 
specimens was taken by the fibre that ran from span to span. Therefore in the 0° 
fibre orientation, the 0° fibre orientation took the majority of the strain. The same 
case happened for the 90° fibre orientation where the 90° fibre orientation took the 
majority of the strain. The strain of the panel was distributed evenly between the 
fibres for the two-way slab system due to the same span lengths in each direction.  
These results were consistent with results from the one-way slabs. The joists on the 
one-way slab system failed before the panel could with the joists buckling inwards 
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and the timber cracking at the fixity of the panel. The two-way slab systems did not 
fail either, but deflected greatly. Under high loading the base plate began to deflect 
with the slab specimen and failure could not occur. Overall the results were 
consistent and information recorded has been highly valued in determining the 
behaviour of fibre composite sandwich panels for slab system applications.  
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5 Chapter 5: Finite Element Modelling 
5.1  Introduction 
This chapter presents the finite element modelling (FEM) done to compare the 
deflection values obtained from the experimental point load and UDL testing in the 
previous chapter. The methodology used to develop the model will be explained 
with a comparison summary of experimental data to the modelling values obtained.  
 
This chapter aims to demonstrate to the reader how to develop a model to replicate 
and predict the testing results that were undertaken. The main criterion for the 
modelling is the deflection under a specified load for the point loading and UDL. 
The modelling will be done to replicate the experiments undertaken in the previous 
chapters. By developing a successful model to predict the deflection behaviour of 
the panels, testing on large scales would not have to be done as the behaviour of the 
panels can be predicted through modelling. 
5.2  Point Load 
5.2.1 Methodology 
Strand7 is a finite element modelling program used to analyse and model structures 
to gain their theoretical behaviour under the applied loads. The program analyses 
the structure to obtained bending moments, shear forces, axial loads and most 
importantly in this case, the deflection. The program was be used to compare the 
experimental results of the testing to the FEM analysis. 
 
The analysis for the one and two-way slabs will be done using the plate theory. A 
plate is set up in the program and restraints placed where the joists will restrict the 
movement of the panel. The plate’s dimensions replicate that of the prototype of a 
950mm square panel. From the flexural testing done, the effective modulus of 
elasticity was obtained for both the 0° and 90° fibre orientations of the sandwich 
panel as whole. This effective modulus of elasticity will be used as the property of 
the plate model. The model will be done as a singular plate of 15mm thick and 
properties of the plate taken as a whole instead of individual core and skin 
properties. 
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The restraints are changed with the differing systems of the one and two-way slab 
with the rotation properties changing. Three lines of restraints are placed along 
where the joist is placed in the experiment. The middle line of restraints replicates 
the screw line and the two restraint lines either side of the centre line replicate the 
edge of the joist. For screw and glue the inner line of restraints act as the screw line 
due to the glue restraining the movement of the panel much like the screw line 
under small loading. Extra restraints are placed where the cross bearers restrict the 
movement of the panel for the two-way slab design.  A point load is then applied to 
the plate over an area of 100mm x 100mm at the centre of the spanning panel. The 
point load is set to 2.1kN over the area to model the experiment as shown in figure 
5.1. 
 
 
Figure 5.1:  Finite Element Model of One-Way Slab under Point Load of 2.1kN 
 
The main comparing property for the test being completed is deflection. The 
purpose of this analysis is to develop a finite element model that is accurate enough 
to predict the deflection of the slab under different loads. 
 
 
 
 
 
2.1kN Point Load 
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5.2.2 One-Way Slab 
 
Finite element modelling was undertaken for the one-way slabs of different fixities 
and fibre orientation under a point load of 2.1kN. Figures 5.2 to 5.5 show the 
deflection results of the modelling for each one-way slab tested experimentally. The 
model shows the contours of the deflection at the loaded and unloaded spans of the 
one-way slabs. The largest deflection occurs directly under the point loading where 
the experimental deflection was measured. Interestingly the largest deflection on the 
unloaded span does not occur in the centre of the span but near the middle joist. 
Overall the models replicated the experimental testing fairly accurately. 
 
 
 
 
 
 
 
 
 
Figure 5.2:  Finite Element Model of 0° Fibre Orientation Screw Only One-Way Slab under 
Point Load of 2.1kN 
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Figure 5.3:  Finite Element Model of 0° Fibre Orientation Screw & Glue One-Way Slab under 
Point Load of 2.1kN 
 
 
 
Figure 5.4:  Finite Element Model of 90° Fibre Orientation Screw Only One-Way Slab under 
Point Load of 2.1kN 
 75
 
 
Figure 5.5:  Finite Element Model of 90° Fibre Orientation Screw & Glue One-Way Slab 
under Point Load of 2.1kN 
 
Table 5.1 shows the comparison of the experimental deflections recorded at 2.1kN 
and the deflections predicted by the finite element model for the same loading. 
 
Table 5.1: Comparisons of Deflections at Loaded and Unloaded Span of One-Way Slab for 
Different Fixities and Fibre Orientations. 
 
Slab 
fixity 
Main fibre 
orientation 
Experimental Finite Element Modelling 
Deflection 
at loaded 
span at 2.1 
kN (mm) 
Deflection 
at unloaded 
span at 2.1 
kN (mm) 
Deflection 
at loaded 
span at 2.1 
kN (mm) 
Deflection 
at unloaded 
span at 2.1 
kN (mm) 
Screw 
only 
0° 2.38 - 0.06 2.333 -0.4913 
90° 2.46 - 0.13 2.653 -0.5587 
Screw 
& glue 
0° 1.96 - 0.05 1.985 -0.127 
90° 2.19 - 0.40 2.257 -0.427 
 
The model is very accurate in predicting the deflection at the loaded span but the 
deflection at the unloaded span is not as accurate. This is due to the restraints placed 
on the nodes in the finite element model. By replicating the joists in Strand7, only 
one line of fixity can be done otherwise zero deflection is modelled on the unloaded 
span. Therefore by placing only one line of restraint the model allows the panel to 
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deflect greater on the unloaded span. The minor difference in the loaded span of the 
slab is due to the brackets not being placed directly in the centre of the span. It was 
placed in the centre of the span but getting the model indicates the highest 
deflection at the exact centre of the slab and therefore some margin for error would 
be needed. 
5.2.3 Two-Way Slab 
The two-way slab system was modelled similar to the one-way slab system but 
placing restraints on both edges to replicate the two-way joist system done in 
experimental work. Figure 5.6 shows the deflection model of the 0° fibre orientation 
screw and glue slab system. The contours show the varying level of deflections 
incurred by the slab with the largest deflection occurring under the point load of the 
slab system. The largest deflection on the unloaded span occurs close to the centre 
joist compared to the centre of the unloaded span where deflection in the 
experiment was measured. 
 
 
Figure 5.6:  Finite Element Model of 0° Fibre Orientation Screw & Glue Two-Way Slab under 
Point Load of 2.1kN 
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Figure 5.7:  Finite Element Model of 90° Fibre Orientation Screw & Glue Two-Way Slab 
under Point Load of 2.1kN 
 
Figure 5.7 shows the finite element model of the 90° fibre orientation two-way slab 
system to replicate experimental testing. The model shows similar results to the 
Figure 5.6 but with a greater deflection due to the reduced modulus of the 90° fibre 
orientation. Table 5.2 shows the comparison of the experimental deflection 
compared to the finite element model prediction. The loaded span deflection are 
very accurate much like the one-way slab system but the unloaded span deflections 
aren’t as accurately predicted. This is due again to the line of restraints placed on 
the nodes. The model however proves to be very accurate for a simple 2D plate 
model. 
Table 5.2: Comparisons of Deflections at Loaded and Unloaded Span of Two-Way Slab for 
Different Fibre Orientations. 
 
Slab 
fixity 
Main fibre 
orientation 
Experimental Finite Element Modelling 
Deflection 
at loaded 
span at 2.1 
kN (mm) 
Deflection 
at unloaded 
span at 2.1 
kN (mm) 
Deflection 
at loaded 
span at 2.1 
kN (mm) 
Deflection 
at unloaded 
span at 2.1 
kN (mm) 
Screw 
& glue 
0° 1.81 - 0.04 1.775 -0.299 
90° 2.34 - 0.26 2.019 -0.34 
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5.3 UDL 
5.3.1 Methodology 
The same finite element software will be used for the analyses of the uniformly 
distributed loads on the slabs. The same plate theory will be used as well but a 
uniformly distributed load will be applied instead of a point load.  
 
A simple 2D model will be developed to accurately compare the experimental 
deflection to the finite element model. Instead of placing the 100mm x 100mm 
point load on the model, a uniformly distributed load (UDL) will placed onto the 
plate model. The UDL will be placed across the entire plate model at 5kPa, 10kPa 
and 20kPa loading as shown in Figure 5.8 to compare with the experimental results 
obtained from the experimental results explained in the previous chapter.  
 
 
Figure 5.8:  Finite Element Model of One-Way Slab under UDL of 5kPa 
 
The load will placed across the entire panel from the inner edge of each joist. This 
is done to replicate the experimental testing as the UDL was placed from inner edge 
to inner edge of the joists. For the two-way slab system, lines of restraints will be 
placed to replicate the two-way slab system the same as for the point load 
modelling. 
5kPa UDL 
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5.3.2 One-Way Slab 
 
Figure 5.9:  Finite Element Model of 0° Fibre Orientation Screw Only One-Way Slab under 
UDL of 5kPa 
 
 
 
 
 
Figure 5.10:  Finite Element Model of 90° Fibre Orientation Screw Only One-Way Slab under 
UDL of 5kPa 
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Figure 5.11:  Finite Element Model of 0° Fibre Orientation Screw & Glue One-Way Slab 
under UDL of 5kPa 
 
 
 
 
 
Figure 5.12:  Finite Element Model of 90° Fibre Orientation Screw & Glue One-Way Slab 
under UDL of 5kPa 
 
Figures 5.9 to 5.12 show the one-way slab systems under a UDL of 5kPa loading 
for the varying fixities and fibre orientations. Note the largest deflection occurs in 
the centre of the span but at the edge of the panel shown in the pink in all figures. 
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This was not the case however in the experiment due to pillowing of the airbag 
which cause the curve in off the edges due to the large deflections incurred. Table 
5.3 shows the comparison of experimental deflection results to the models 
deflection predictions at 5kPa loading. As can be seen the model does not predict 
the deflection as accurately as the point load model. This is due to a number of 
variables that could not be controlled by the model that happened in the experiment. 
The airbag did not have constant contact with the whole surface area of the panel 
for the entire loading. This would affect the deflection and behaviour of the slab 
compared to models perfect UDL over the surface area of the panel. The UDL in 
the experiment was calculated from the sum of the four load cells at each corner of 
the base plate and then divided by the centre to centre area of the panel. If the panel 
was not directly in the centre of the base plate or the air bag not directly in the 
centre of the panel, a margin of error would occur. 
 
Table 5.3: Comparisons of Deflections of One-Way Slab for Different Fixities & Fibre 
Orientations at 5kPa UDL. 
 
Slab fixity Main fibre orientation 
Deflection at mid span at 5kPa (mm) 
Experiment FEM 
Screw only 
0° 11.27 13.37 
90° 9.87 15.215 
Screw & glue 
0° 6.67 9.29 
90° 8.41 10.569 
 
 
 
Figure 5.13:  Finite Element Model of 0° Fibre Orientation Screw Only One-Way Slab under 
UDL of 10kPa 
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Figure 5.14:  Finite Element Model of 90° Fibre Orientation Screw Only One-Way Slab under 
UDL of 10kPa 
 
 
 
 
 
Figure 5.15:  Finite Element Model of 0° Fibre Orientation Screw & Glue One-Way Slab 
under UDL of 10kPa 
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Figure 5.16:  Finite Element Model of 90° Fibre Orientation Screw & Glue One-Way Slab 
under UDL of 10kPa 
 
Table 5.4: Comparisons of Deflections of One-Way Slab for Different Fixities & Fibre 
Orientations at 10kPa UDL. 
 
Slab fixity Main fibre orientation 
Deflection at mid span at 10kPa (mm) 
Experiment FEM 
Screw only 
0° 19.21 26.57 
90° 18.66 26.55 
Screw & glue 
0° 13.72 18.58 
90° 17.12 21.14 
 
 
Figures 5.13 to 5.16 show the finite element model results for the deflection at 
10kPa on the one-way slab systems. The models behaviour are similar to the 5kPa 
model with the largest deflection occurring at the outer edge of the panel in the 
centre span. Table 5.4 shows a comparison of the experimental data and the models 
predictions. As in the case of the 5kPa loading, the model isn’t as accurate as the 
point load model. This is due to the same reasons explained for the 5kPa models 
results. The model predicts a larger deflection due to it having a perfect UDL across 
the surface area of the panel which was not the case in the experimental testing.  
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Figure 5.17:  Finite Element Model of 0° Fibre Orientation Screw Only One-Way Slab under 
UDL of 20kPa 
 
 
 
Figure 5.18:  Finite Element Model of 90° Fibre Orientation Screw Only One-Way Slab under 
UDL of 20kPa 
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Figure 5.19:  Finite Element Model of 0° Fibre Orientation Screw & Glue One-Way Slab 
under UDL of 20kPa 
 
 
Figure 5.20:  Finite Element Model of 90° Fibre Orientation Screw & Glue One-Way Slab 
under UDL of 20kPa 
 
Figures 5.17 to 5.20 show the finite element models predictions under a 20kPa 
loading of the deflection incurred by the one-way slab system tested. The figures 
show a consistent result to the 5kPa and 10kPa models with the largest deflection 
occurring at the outer edges of the centre span. Table 5.5 shows a comparison of the 
experimental results and the modelling predictions of the deflection at 20kPa 
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loading. The same case occurs with the 20kPa loading with the model predicting 
much larger deflections than those actually incurred in the experiment. The error 
margin is also much larger in the 20kPa loading due to the joists starting to buckle. 
This reduces the accuracy of the experimental results and hence the varying values 
between model predictions and experimental data. 
 
Table 5.5: Comparisons of Deflections of One-Way Slab for Different Fixities & Fibre 
Orientations. 
 
Slab fixity Main fibre orientation 
Deflection at mid span at 20kPa (mm) 
Experiment FEM 
Screw only 
0° 35.04 53.14 
90° 39.71 60.92 
Screw & glue 
0° 31.02 37.17 
90° 33.98 42.27 
 
Table 5.6 shows a summary of the 5kPa, 10kPa and 20kPa experimental deflection 
and FEM modelling. Overall the model was not as accurate as the point load 
modelling but this is due to replicating the UDL testing through a 2D plate model. 
The model gives a much larger deflection than that actually incurred through 
experimental testing. A more in depth analysis would need to be done to gain a 
more accurate model such as a 3D model.  
 
Table 5.6: Comparisons of Deflections of One-Way Slab for Different Fixities & Fibre 
Orientations. 
 
Slab 
fixity 
Main fibre 
orientation 
Deflection at mid 
span at 5kPa (mm) 
Deflection at mid 
span at 10kPa (mm) 
Deflection at mid 
span at 20kPa (mm) 
Experiment FEM Experiment FEM Experiment FEM 
Screw 
only 
0° 11.27 13.37 19.21 26.57 35.04 53.14 
90° 9.87 15.22 18.66 26.55 39.71 60.92 
Screw 
& glue 
0° 6.67 9.29 13.72 18.58 31.02 37.17 
90° 8.41 10.57 17.12 21.14 33.98 42.27 
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5.3.3 Two-Way Slab 
 
Figure 5.21:  Finite Element Model of Two-Way Screw Only Slab under UDL of 5kPa 
 
 
Figure 5.22:  Finite Element Model of Two-Way Screw & Glue Slab under UDL of 5kPa 
 
 
Figures 5.21 and 5.22 show the finite element models of the two-way slab 
specimens under 5kPa loading for different fixities. The figures show the maximum 
deflection occurring at the centre of the slabs as expected. Table 5.7 shows a 
comparison of the experimental deflection and the deflection predicted by the 
 88
model. As shown the model predicts a smaller deflection than the experimental 
results show. This is due to some margin for errors in the experimental slab testing. 
The joists were fixed at the corners by brackets to make them as rigid as possible to 
replicate a two-way slab. However, due to the load applied onto the slab, these 
corners flexed outwards creating a larger deflection. The model predicts the 
deflection for a rigid structure where no movement occurs from the joists, only the 
panel deflecting.  
 
Table 5.7: Deflections at Mid Span of Two-Way Slab for Different Fixities at 5kPa. 
 
Slab fixity 
Deflection at mid span at 5kPa (mm) 
Experimental FEM 
Screw only 5.59 3.85 
Screw & glue 3.47 2.711 
 
 
 
 
 
Figure 5.23:  Finite Element Model of Two-Way Screw Only Slab under UDL of 10kPa 
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Figure 5.24:  Finite Element Model of Two-Way Screw & Glue Slab under UDL of 10kPa 
 
Figures 5.23 and 5.24 show the finite element models for the two-way slab system 
under a UDL of 10kPa for the varying fixities. The model is consistent with the 
5kPa model of the largest deflection occurring in the centre of the spans. Table 5.8 
shows the comparison of the experimental deflection and the finite element 
predictions for 10kPa loading. The table again shows the model predicting a smaller 
deflection than that incurred during the experiment. This is due to the same reason 
stated above that the corner joint of the joists flexed during loading and hence 
creating a larger deflection than predicted. 
 
Table 5.8: Deflections at Mid Span of Two-Way Slab for Different Fixities at 10kPa 
 
Slab fixity 
Deflection at mid span at 10kPa (mm) 
Experimental FEM 
Screw only 9.65 7.700 
Screw & glue 6.63 5.422 
. 
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Figure 5.25:  Finite Element Model of Two-Way Screw Only Slab under UDL of 20kPa 
 
 
 
Figure 5.26:  Finite Element Model of Two-Way Screw & Glue Slab under UDL of 20kPa 
 
Figures 5.25 and 5.26 show the finite element models at 20kPa loading for the two-
way slab system under different fixities. The model predicts the largest deflection 
occurring at the centre of the span which is consistent with the other two models. 
The deflection of the screw only is greater than the screw and glue as expected due 
to increased stiffness from the glue until it peels off. Table 5.9 shows a comparison 
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of the experimental and finite element model predictions. The model still predicts 
smaller deflections but predicts a lot closer deflections to the experimental testing. 
This is due to the brackets stopped flexing after the initial smaller loads were placed 
on the slab. 
 
Table 5.9: Deflections at Mid Span of Two-Way Slab for Different Fixities at 20kPa. 
 
Slab fixity 
Deflection at mid span at 20kPa (mm) 
Experimental FEM 
Screw only 15.98 15.41 
Screw & glue 12.91 10.844 
 
Table 5.10 shows a summary of the experimental deflections and finite element 
modelling predictions for all loads. Overall the two-way slab model predicted 
slammer deflections than incurred due to the flexing of the fixities of the joists.  
Overall the model was not as accurate as the point load modelling but this is due to 
replicating the UDL testing through a 2D plate model. A more in depth analysis 
would need to be done to gain a more accurate model such as a 3D model. 
 
Table 5.10: Deflections at Mid Span of Two-Way Slab for Different Fixities. 
 
Slab 
fixity 
Deflection at mid 
span at 5kPa (mm) 
Deflection at mid 
span at 10kPa (mm) 
Deflection at mid 
span at 20kPa (mm) 
Experiment FEM Experiment FEM Experiment FEM 
Screw 
only 
5.59 3.85 9.65 7.700 15.98 15.41 
Screw & 
glue 
3.47 2.711 6.63 5.422 12.91 10.844 
 
5.4  Conclusion 
This chapter discussed the methodology of developing a finite element model to 
replicate the experimental testing done on one and two-way slabs. The models were 
done using Strand7 to model the point loading and uniformly distributed loading on 
the slab systems. The models were developed through a 2D plate model of the 
sandwich panel and properties calculated from initial flexural testing done.  
 
The results showed the point load model being extremely accurate in predicting the 
deflection of the specimens at 2.1kN load. The screw only and screw and glue both 
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were extremely accurate in predicting the deflection no matter the fibre orientation. 
The two-way slab system under point load model was also very accurate in 
predicting the deflection of the panel. The UDL model however was not very 
accurate in predicting the deflection under various loads due to a number of 
variables occurring during testing.  
 
The one-way finite element model predicts a much larger deflection than the 
experimental results recorded. This is due to the model performing a perfect UDL 
across the entire panel. In the experiment this did not happen as the airbag pillowed 
inwards and surface area of the UDL was decreased. Also the UDL in the 
experiment was calculated from the sum of the four load cells at each corner of the 
base plate and then divided by the centre to centre area of the panel. If the panel was 
not directly in the centre of the base plate or the air bag not directly in the centre of 
the panel, a margin of error would occur. The two-way models predicted a smaller 
deflection than that incurred by the specimens. This is was due to the flexing of the 
brackets and joints where the slabs were made to behave as a two-way system. The 
model predicted the deflection for a perfect two-way system which was not the case 
in the experiment and some margin of error occurred. Overall the finite element 
models predicted the deflection of the panel fairly accurately. Only the UDL models 
were not predicted accurately but this is due to the margin for error in the 
experiment and not the modelling. 
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6 Chapter 6: Conclusion & Recommendations  
6.1  Introduction 
In this chapter the results and recommendations of this project will be presented and 
summarised. The aim of this chapter is to provide a summary of all the key findings 
and information found from this project. The chapter will provide an overview of 
the results and work involved throughout the project and recommendations for 
future work in this field. The chapter will then provide a close to the project. 
6.2  Key Findings 
This project has found that fibre composite sandwich panels as slab systems behave 
similarly under point loading and uniformly distributed loading no matter the fixity, 
fibre orientation or slab system.   
6.2.1 Point Load 
This project has found that the fixity of the slab systems has no major effect on the 
deflection of the slab or the overall performance but initially the screw and glue 
fixity performs better than the screw only fixity. This is due to the increased initial 
stiffness of the screw and glue fixity, however once a higher loading is placed on 
the slab the glue peels away and the panel acts as a screw only fixity. The 0° fibre 
orientation provided a smaller initial deflection due to the higher stiffness of the 
fibre orientation which was consistent for all types of fixities and slab systems. The 
initial failure of the panels, no matter slab system, fibre orientation or fixity was due 
to shear cracking of the core. The strain in the panels was carried in both fibres but 
the main fibre direction carried a higher strain load than the perpendicular fibre. No 
matter the fibre orientation, the fibre that ran from the shortest span to span length 
took the higher strain under smaller loading in the one and two-way slab systems. 
The simple finite element model of the point loading was very accurate in 
predicting the deflection of the panels for both one and two-way slab systems.  
Overall the panel’s behaviour was consistent with previous research and initial 
predictions. 
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6.2.2 Uniformly Distributed Load 
It has been found that the behaviour of the fibre composite sandwich panel under 
uniformly distributed loading is similar to the panels under point loading. The fixity 
of the slabs did not have a dramatic effect on the behaviour of the panels, only the 
initial deflection being reduced as in the point load tests. The 90° fibre orientation 
deflected more than the 0° fibre orientation due to the higher stiffness of the 0° fibre 
orientation panel. None of the panels however, no matter the fixity, fibre orientation 
or slab system failed. The panel did deflect greatly though with the joists of the one-
way slab system failing before the panel failed. In the two-way slab system, the 
panels did not fail either but deflected greatly. Due to the base plate starting to 
deflect under high loading the panels could not be loaded until failure.  
 
The strain of the one-way slab specimens was carried by the fibre that ran from 
span to span being the main fibre orientation. Therefore in the 0° fibre orientation, 
the 0° fibre orientation took the majority of the strain. The same case happened for 
the 90° fibre orientation where the 90° fibre orientation took the majority of the 
strain. For the two-way slab system the span length was equal in both directions and 
hence the strain was distributed evenly amongst both fibre directions. The simple 
finite element model was not very accurate in predicting the deflection of the panels 
under various UDL’s. This was due to the set of the experiment and behaviour of 
the airbag that occurred during testing that the simple model could not replicate. 
Overall the results were consistent and information recorded has been highly valued 
in determining the behaviour of fibre composite sandwich panels for slab system 
applications. 
6.3  Recommendations for Future Work 
It is recommended that further testing be carried out for point loading but more 
importantly UDL tests. Only one test was carried out for each slab specimen of 
varying fibre orientation and fixity. Increasing the number of specimens tested will 
increase the accuracy of the results and the behaviour of the panel. In this project 
only small scale testing was completed with no slab prototype being greater than 
one metre squared. In doing this, a more realistic interpretation of the behaviour of 
fibre composite sandwich panels would be achieved in flooring applications.  
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Further analysis of a finite element model should be looked into, either creating a 
more in depth 2D model or a complex 3D model. More testing would need to be 
completed firstly to compare to the model. This would be very beneficial in creating 
a model that can accurately predict the deflection of the panel under UDL and point 
loading. From this model a possible design chart could be created to easily design 
flooring systems from fibre composite material without extensive testing being done 
beforehand.  
 
Further research into the effects of the fibre composite panels under both point load 
and UDL is recommended. In this project they were considered as separate entities, 
but in real life application the panel will undergo UDL and point loads 
simultaneously. Further research into this would enhance the understanding of the 
behaviour of fibre composite sandwich panels for flooring applications. 
6.4  Close 
This project has achieved its aim of “analyse the behaviour of sandwich panels 
through comparison of finite element analysis and experimental results for 
slab/panel design”. The aim was accomplished through developing prototype slab 
system made from fibre composite sandwich panels. These slab specimens were 
then tested under point load and UDL to attain the deflection the slabs underwent at 
specified loads. A finite element plate model was then created to compare the 
experimental results to the point load and UDL results. Initially flexural testing was 
completed to determine the properties of the sandwich panel. These properties were 
then used in the finite element analysis to model the experimental work undertaken.  
 
It was found that the panel behaved similarly under point loading and UDL no 
matter the fibre orientation, fixity or slab system. The finite element model of point 
loading was very accurate in predicting the deflection of the panel under a loading 
of 2.1kN. The accuracy of the model was due to replication of the experimental 
setup being achieved easily in the finite element model. The finite element model of 
the UDL however was not as accurate as the point load model. This is due to the 
margin of errors that were not able to be replicated in the model from the 
experimental setup.  
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7 Appendix A: Project Specification 
University of Southern Queensland 
FACULTY OF ENGINEERING AND SURVEYING 
 
ENG4111/4112 Research Project 
 
PROJECT SPECIFICATION 
 
FOR:          MATTHEW PLAIN 
 
TOPIC: BEHAVIOUR OF INNOVATIVE FIBRE COMPOSITE 
SANDWICH PANELS FOR STRUCTURAL 
APPLICATIONS 
 
SUPERVISOR: A/Prof. Thiru Aravinthan 
                                    Dr. Mainul Islam 
 
ENROLEMENT: ENG4111 – S1, D, 2009 
                                    ENG4112 – S2, D, 2009    
          
PROJECT AIM: Analyse the behaviour of sandwich panels through 
comparison of finite element analysis and experimental 
results for slab/panel design. 
 
PROGRAMME:          Issue A, 24th March 2009 
 
1) Research the background information relating to 
sandwich panels for civil design purposes. 
2) Conduct initial testing of the core, skin and sandwich 
panel to gain material properties. 
3) Use the material properties for finite element analysis of 
the flexural tests in Strand7. 
4) Perform load testing on specimens. 
5) Evaluate results and recommend changes to design or 
testing. 
6) Repeat process for other variables such as fibre 
orientation, one and two-way spanning slabs. 
As time permits: 
7) Improved design of sandwich panel for slab/panel design 
and methodology. 
 
AGREED  _____________              _____________                ____________ 
 
  Matthew Plain A/Prof. Thiru Aravinthan Dr Mainul Islam 
 
Date:       /     / 2009      /      / 2009             /    / 2009 
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8 Appendix B: Building of Prototype Slabs 
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9 Appendix C: Modulus of Elasticity and Stiffness Calculations 
Specimen Name Width (mm) Thickness (mm) 
 
I (eff) (mm^4) 
 
P/∆ 
 
EI (Nmm^2) 
 
E (eff) Mpa 
           
4FSW-I-0F-1 48.66 17.86 
 
23101.23629 
 
409.1489 
 
196050508.9 
 
8486.5808 
4FSW-I-0F-2 48.31 17.94 
 
23244.65515 
 
399.4058 
 
191381966.3 
 
8233.3752 
4FSW-I-0F-3 48.96 17.95 
 
23596.82229 
 
392.3077 
 
187980782.5 
 
7966.3601 
4FSW-I-0F-4 49.46 18.09 
 
24399.92922 
 
419.9055 
 
201204731.5 
 
8246.1195 
4FSW-I-0F-5 49.69 18.29 
 25335.46427  430.257  206164817  8137.4004 
           
Mean 49.016 18.026 
 
23935.62144 
 
410.205 
 
196556561.2 
 
8213.9672 
Std Dev 0.56562355 0.169204019 
 
930.5320427 
 
15.28261 
 
7322918.974 
 
189.01085 
COV 1.153956973 0.938666475 
 
3.887645219 
 
3.725604 
 
3.725603932 
 
2.3010908 
           
           
Specimen Name Width Thickness 
 
I (eff) (mm^4) 
 
P/∆ 
 
EI (Nmm^2) 
 
E (eff) Mpa 
           
4FSW-I-90F-1 49.77 18.13 
 
24716.09222 
 
365.7862 
 
175272551 
 
7091.4346 
4FSW-I-90F-2 49.48 18.14 
 24612.75865  368.9404  176783961.4  7182.6147 
4FSW-I-90F-3 49.25 18.09 
 
24296.33065 
 
365.425 
 
175099475.6 
 
7206.828 
4FSW-I-90F-4 49.67 18.05 
 
24341.3428 
 
372.3559 
 
178420556.9 
 
7329.939 
4FSW-I-90F-5 48.51 18.10 
 
23970.97799 
 
365.2967 
 
175037996.3 
 
7302.0799 
           
Mean 49.336 18.102 
 
24387.50046 
 
367.5609 
 
176122908.3 
 
7222.5792 
Std Dev 0.502573378 0.035637059 
 
292.6803828 
 
3.071397 
 
1471711.288 
 
96.034699 
COV 1.018674756 0.196868077 
 
1.200124561 
 
0.835616 
 
0.835616049 
 
1.3296455 
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